It is over 120 years since Richard Bright first described the condition of nephritis, a symptom complex of oedema, haematuria, and proteinuria, following scarlatina. Since then various investigators have suggested that nephritis and the nephrotic syndrome may be immunologically determined. The possibility of 'hypersensitivity' as the pathogenic mechanism was suggested by Schick (1907) and the experimental production of heteroimmune nephritis by Masugi (1934) . At present the evidence for the immunopathogenesis of nephritis and the nephrotic syndrome can be summarized as follows.
(i) Antecedent infection, especially by P-haemolytic streptococci Group A, type 12, or others, and the latent period before the onset of glomerulonephritis.
(ii) Decrease in the serum complement level during the active phase of glomerulonephritis and the nephrotic syndrome (McCrory, 1960) .
(iii) Demonstration of circulating anti-kidney antibody in the serum in these diseases (Lange, Gold, Weiner, and Simon, 1949; Liu and McCrory, 1958) .
(iv) Immunohistochemical demonstration of y-globulin and complement bound to the glomeruli in these diseases.
(v) Various renal disorders associated with conditions such as the Schonlein-Henoch syndrome, polyarteritis nodosa, systemic lupus erythematosus, rheumatoid arthritis, and serum sickness.
(vi) Experimental production of these diseases by immunological methods. Among this evidence, the immunohistochemical demonstration ofglomerular-bound globulin appears to be of practical and theoretical importance. This was first shown in human tissue by Mellors and Ortega (1956) , by means of Coons' fluorescent antibody method. Since then the same method has been applied to various types of renal disease, and the glomerular-bound globulin has been demonstrated in acute diffuse glomerulonephritis, chronic membranous glomerulonephritis, nephritis complicating periarteritis nodosa, renal amyloidosis, lupus nephritis, pure nephrosis, and glomerulonephritis associated with the nephrotic syndrome (Mellors, Ortega, and Holman, 1957; Vazquez and Dixon, 1957; Taft, Dineen, and McKay, 1958; Freedman, Peters, and Kark, 1960;  McKay and Taft, 1961; Burkholder, 1961; Lachmann, Muller-Eberhard, Kunkel, and Paronetto, 1962; Seegal, 1962) .
At The Hospital for Sick Children, Great Ormond Street, renal biopsy has been a routine diagnostic method since 1958; much of the biopsied tissue has been subjected to immunohistochemical, enzymehistochemical, and electron microscopic study since 1962, in addition to routine histopathological study. The results of some of these investigations are reported elsewhere (Bodian, Black, Kobayashi, Lake, and Shuler, 1965; Black and White, 1965) .
The purpose of this paper is to summarize the results of the immunohistochemical studies only, and to correlate the presence of the glomerularbound globulin with the clinical manifestations at the time of biopsy. The significance of the glomerular-bound globulin is discussed, and present concepts of the immunopathogenesis of glomerulonephritis and the nephrotic syndrome are summarized. Material The term 'diffuse', which is used in the other groups, is 'generalized diffuse' by this terminology, unless specifically mentioned.
described in previous publications (Bodian et al., 1965; Black and White, 1965) . The tissue was divided into three portions, two of which were subjected to routine histology and electronmicroscopy. The third portion was quick-frozen in a piece of animal liver with solid carbon dioxide, for immunohistochemical and enzyme-histochemical studies.
For immunohistochemical study the Coons' fluorescent antibody method (Coons, 1956 (Coons, , 1958 Beutner, -1961; Nairn, 1962) showed less background fluorescence. Therefore, the test was carried out on unfixed tissue. For the special purpose of demonstrating yM (19S-), yG (7S-yglobulin) and complement, both unfixed and fixed tissues were studied. The procedure followed for fixation was that described by Burkholder (1961) ; the cryostat sections were placed in a bath of anhydrous acetone for 10 minutes at 40 C., and then air-dried for 15 minutes. A positive fluorescent result was usually well defined ( Fig. 1) Immunohistochemical results and their relation to major clinical and histopathological findings, and time of biopsy after onset of disease.
GROUP I: DIFFUSE PROLIFERATIVE GLOMERULO-NEPHRITIS (9 cases; 9 biopsies). Of the 9 cases, 8 were positive. The only case which showed a negative result was considered clinically to be healed glomerulonephritis. In 4 instances glomerulonephritis developed in a patient with another disease -a patient with congenital heart disease and mental retardation; a patient with hydrocephalus infected by staphylococcus before developing haematuria; a patient with duplex kidney; and a patient with megaureter. Since they showed the same histological and clinical features of diffuse glomerulonephritis and were immunochemically positive, a similar immunopathological process to the other cases of this group was considered to be operating.
Among the major clinical findings, proteinuria, haematuria (microscopic), and raised ESR are apparently associated with a positive result. The relation between a positive result and antecedent infection, especially a streptococcal one, is not well established. However, it is considered that the number of the cases in this group is too small to make a statistical evaluation.
GROUP II: THE NEPHROTIC SYNDROME (22 cases; 21 biopsies and one post-mortem tissue). There was one example of the nephrotic syndrome associated with thrombosis of the inferior vena cava, and With regard to glomerular pathology, 14 cases showed no change (pure nephrosis), but 7 showed evidence of glomerulonephritis.
Positive fluorescence in Group II was frequent in the first year after the onset of disease (90%). All 6 cases of pure nephrosis were positive, as were 3 of the 4 with evidence of glomerulonephritis. In the later stages fluorescence was less frequently demonstrable. A positive result was obtained in 4 out of 8 cases with pure nephrosis and in 2 of the 3 cases of glomerulonephritis.
Proteinuria, raised ESR, oedema, and hypoproteinuria were apparently associated with positive fluorescence.
Congenital nephrotic syndrome. Two were considered clinically to be examples of the congenital nephrotic syndrome, and were subjected to further immunohistochemical study. In one case, however, the renal lesions were found to be due to thrombosis of the inferior vena cava, as stated above. No significant result was obtained by using fluorochromed antisera against human y-globulin, yG, yM, and complement CG, and it was considered that no immunological mechanism was operating.
The other case gave a positive result with these antisera, and therefore an immunological mechanism was considered to be operating. Unfortunately this tissue could not be tested against human yM.
One further positive case is worth mentioning since the disease began before the child was 2 years old and was steadily progressive. This may well be similar to infantile nephrosis, which is considered to be a specific entity (Worthen, Vernier, and Good, 1958 Repeated biopsy study. Among cases in this group, 3 were subjected twice to renal biopsy and immunohistochemical study. In one case, both were negative, though haematuria was noted at least once between biopsies: in this one the glomerular lesion was segmental initially and later became diffuse.
In a second case both were positive, but the second showed an apparently weaker result. Before the second biopsy treatment with steroids was given for 6 months; there was no haematuria between biopsies. Here again, the glomerular involvement became more diffuse.
In a third case, the immunohistochemical study was positive in the first biopsy and negative in the second biopsy. Before the second biopsy, however, frequent attacks of haematuria were noted, and the glomerular involvement became more diffuse.
Recurrent haematuria syndrome in a-y-globulinaemia. One case was clinically considered to be a type of a-y-globulinaemia: biopsy revealed generalized diffuse glomerulonephritis, and positive fluorescerfce was obtained. Unfortunately the globulin in glomeruli could not be tested to identify either yM or yG. This patient was a boy aged 10, who, since the age of 2 years, was noted to have recurrent respiratory infections; and at 4 years he developed collapse of the left lower lobe of the lung, which responded to antibiotics. Five years later the condition recurred and a left lower lobe lobectomy was performed, the diagnosis then being chronic bronchitis with bronchiectasis. Three months later he developed macroscopical haematuria, and since then he has had recurrent attacks of haematuria. Renal biopsy was performed at the age of 10 years, and the diagnosis of generalized diffuse glomerulonephritis was made. The major laboratory findings were as follows: serum protein 4 9 g./100 ml., slight reduction in albumin, relatively normal o-and Pglobulin, complete absence of y-globulin. Immu Special study with anti-human yM-and yG-globulin, anti-human complement (C'-proesterase) and anti-streptococcal Group A sera. 15 positive cases were subjected to further study in order to determine the nature of the demonstrated y-globulin and to demonstrate complement (Gl). In all cases complement was identified. The demonstrated globulin is, therefore, immunologically significant in these cases. Concerning yG versus yM, cases from Group I (5 cases) appeared to show more yM, while cases from Group II (4 cases) appear to show more yG. However, the number in each group was too limited to draw any conclusion.
Tissues from 33 cases (5 in Group I; 9 in Group II; 8 in Group III; 3 in Group IV; 6 in Group V; 1 in Group VI, and 1 in Group VIII) were exposed to anti-streptococcal Group A antisera, but the results were negative.
Haematuria and proteinuria in immunologically determined nephropathy. The relation between haematuria and proteinuria and presence of glomerular-bound globulin in Groups I, II, III, and IV was examined statistically. (ii) Antibody against extrinsic antigenic substance, such as streptococcal antigen in post-streptococcal nephritis or nephrotoxic heteroimmune sera in experimental nephritis.
(iii) Antigen-antibody complex, which was produced elsewhere and unrelated to the glomeruli, such as in serum sickness nephritis.
(iv) Globulin in urine attached to the glomeruli during filtration.
The chi square test revealed the statistical relation (X2 = 5.43, 0 * 01 < p < O * 025) between proteinuria and the glomerular-bound globulin. This supports the fourth possibility, the final proof for which is left to the sensitivity of the method and the amount of globulin in the urine. The demonstration of human complement CG by previous investigators (Burkholder, 1961; Lachmann et al., 1962) and by the present author on a limited number of observations indicates that the glomerular-bound globulin is probably of immunological significance, i.e. antibody. However, the true nature of the antibody is still undetermined, since the presence of complement can be expected in any of the first three possibilities.
The glomerular-bound globulin demonstrated in this series was not related to streptococci Group A. Therefore, the antigen which provoked the antibody has not yet been identified. A similar investigation was conducted by Seegal (1962) (Andres, 1962; Arhelger, Gronvall, Carr, and Brunson, 1963) .
The results of the present investigation indicate with a fair degree of certainty that some form of immunopathological process is operating in diffuse proliferative glomerulonephritis, in the nephrotic syndrome, in some cases of the recurrent haematuria syndrome, and in the nephritis of the SchonleinHenoch syndrome. In pyelonephritis, the immunopathological mechanism is not clear, but nevertheless the possibility of an immunopathological process cannot be completely ruled out, since suggestive evidence for the glomerular-bound globulin is noted in this investigation. The histological change, including lymphocytic infiltration and lymphofollicular formation, may then well be the manifestation of an immunological process as in homograft rejection. This is generally considered to be a manifestation of infection. Recently Lachmann et al. (1962) have demonstrated a glomerular-bound y-globulin in an adult patient with pyelonephritis.
Among the four groups of immunologically determined glomerulopathies, a positive result was most frequently obtained in diffuse proliferative glomerulonephritis, followed closely by the nephrotic syndrome. The other groups were less frequently positive. It must be emphasized that the patients investigated are a highly selected group of children referred to the physicians and surgeons of the hospital, because investigations elsewhere had failed to establish the nature of the renal disorder. The results obtained might well reflect either the strength of the immunopathological process, or the weakness of the immunohomeostatic mechanisms in patients with these forms of glomerulopathy.
It should be emphasized that almost all cases of diffuse glomerulonephritis were positive. Although the significance of circulating antibody is limited, various investigators have reported that positive results were obtained most frequently in the nephrotic syndrome (90%), followed by chronic glomerulonephritis (80%), and acute glomerulonephritis (70%) (Lange et al., 1949; Vorlaender, 1957; Liu and McCrory, 1958; McCrory, 1960) . When the results with circulating antibody and those with glomerular-bound globulin (antibody) are compared, it may well be considered that the most important role in the pathogenesis of diffuse glomerulonephritis is played by the glomerularbound antibody, while the circulating antibody might be a secondary phenomenon. Simonsen (1953) suggested that local production of antibody might occur in the glomeruli. Furthermore, the case of diffuse glomerulonephritis associated with a-yglobulinaemia in this series is of interest, since no circulating antibody, yG, was produced. Gitlin (1962) reported a similar case. If the locally produced antibody is important, the mesangial cell may be the source, especially since this type of cell is morphobiologically similar to the reticulum cell in having phagocytic activity, and thus might have an immunological function (Farquhar and Palade, 1962) .
In the nephrotic syndrome, an active immunopathological process is also operating, since results are frequently positive. Especially important from the clinical point of view is the high incidence of positive results in cases undergoing steroid or ACTH treatment (60%). More potent steroids or other inmmuno-depressants are needed for the treatment of the so-called steroid-resistant cases. It should be noted that even five years after the onset there have been two positive cases under treatment in this series. In addition there is no immunohistochemic-al evidence of a difference in the steroid resistance in the two types of the nephrotic syndrome, i.e. pure nephrosis and glomerulonephritis with the nephrotic syndrome.
Are pure nephrosis and diffuse proliferative glomerulonephritis immunologically different ? This important question cannot be answered by the findings of this investigation. As stated above, however, the nephrotic syndrome shows the highest incidence of circulating anti-kidney antibody, and there is no cellular proliferation or infiltration in the glomeruli in pure nephrosis. It might be speculated on this basis that humoral immunity plays an important role in the immunopathogenesis of pure nephrosis.
The congenital nephrotic syndrome has recently been considered from the immunopathological aspect (Hallman and Hjelt, 1959; Kobayashi, Imahori, and Wakao, 1961; Lange, Wachstein, Wasserman, Alptekin, and Slobody, 1963; Kouvalainen, 1963) . It is thought not to be due to an auto-immune process but rather to an iso-immune one, i.e. caused by a maternal antibody produced against foetal kidney. The demonstration of yG in the case in this series strongly supports the iso-immune hypothesis, since the newborn infant normally produces little or no yG.
In the recurrent haematuria syndrome the cases with purely focal glomerular involvement are significantly less commonly positive (27%) than those with diffuse lesions (58%). The former is the so-called focal nephritis (Ross, 1960; Heptinstall and Joekes, 1961) , and probably differs from the latter in immunopathogenesis. Since in the positive cases aU glomeruli showed fluorescence, a localized immunopathological process is hardly to be expected. The negative cases may be caused by an entirely different and non-immunological factor, such as a virus. A virus as yet unidentified has been considered to be the causative agent in some cases of glomerulonephritis (Bates, Jennings, and Earle, 1957) . The latter could be a type of diffuse proliferative glomerulonephritis. The percentage of positive results in the focal type is fairly constant throughout the clinical course, but that in the generalized type is high within the first year and later becomes low. It is much higher than that of the focal type.
The histopathological findings in the repeated biopsies in the recurrent haematuria syndrome are interesting, since the second biopsy revealed invariably more diffuse glomerular involvement. This indicates that some cases of focal nephritis are progressive, ending as generalized diffuse glomerulonephritis. However, in these cases, the second immunohistochemical results were weak or negative.
In nephritis following the Schonlein-Henoch syndrome there are few positive cases. This might be due to the fact that three steroid-treated cases were included in this group. Alternatively the immunopathological process might differ from that in the other group.
No significant relation between clinical manifestations at the time of biopsy and presence of the glomerular-bound globulin, except proteinuria, was found in the four groups. It should be remembered, however, that none of the cases were subjected to a renal biopsy in the most active phase of the disease. The significant relation between proteinuria and a positive result in these conditions indicates that continuous proteinuria, even of a minor degree, is a sign of the continuity of the immunopathological process in the glomeruli.
Genetic factors are certainly important in various types of immunopathies such as lupus erythematosus, Hashimoto disease, rheumatoid arthritis, and others (McKay and Burnet, 1963; Weldgwood, 1963) . In this series, familial incidence, blood types, and sex were considered, but no conclusion can be drawn since the number of cases was small. A positive result is not apparently associated with either the patient's blood group or sex.
Concerning the immunopathogenesis of these renal diseases, no clear-cut explanation is possible at present, except for 'hypersensitivity' in poststreptococcal glomerulonephritis. However, various agents are thought to induce 'immunological derangement' in the human subject, and this might progress to some form of immunopathological process, causing various types of nephropathy. It is generally accepted that the various types of nephropathy are clinically and pathologically related to each other.
The following points should be considered. Some cases of so-called chronic glomerulonephritis appear rather insidiously without passing through an acute phase. When the patient develops uraemia, renal biopsy may reveal already extensive damage of a chronic nature (Takatsu and Sato, 1962) . This is considered to be due to a rather long-standing immunopathological process. In this sense it may well be called 'chronic active glomerulonephritis'. Pure nephrosis also can sometimes be transformed to a glomerulonephritis of a chronic nature (Metcoff, 1962) .
Concerning the true nature of this immunological derangement and immunopathological process, various theories and hypotheses have been developed. Among them, those of 'hypersensitivity' or 'auto-immunity' are important for clinicians (Fig. 3) . The hypersensitivity theory maintains that glomeru- Sarre and Rother, 1957; Peters and Freedman, 1959; Seegal, 1959; Vernier, Worthen, and Good, 1961; Heymann, 1961; Metcoff, 1962; McKay and Burnet, 1963; Cruickshank, 1963; Humphrey and White, 1963; Rammelkamp, 1962; Rother, 1963; Uhr, 1964; Graber and Miescher, 1964 (ii) Antigen should be recognized as 'not-self'; otherwise the lymphoreticular system will not make antibody.
Since bacterial toxin is soluble and antigenic, the hypersensitivity theory may explain the development of post-streptococcal glomerulonephritis. However, chronic nephritis and the nephrotic syndrome are not so satisfactorily explained.
The glomerular antigenic component is considered to be insoluble, and it is very unlikely that the glomerular component can reach the lymphoreticular tissue by denaturing or by binding with a haptene. It has been suggested that a cross-reaction occurs between human kidney and the nephritogenic streptococci (Markowitz, Armstrong, and Kushner, 1960) . The cross-reaction between Group A streptococci and cardiac tissue studied by Kaplan (1964) is encouraging in this respect.
The forbidden clone theory proposed by Burnet (1959 Burnet ( , 1962 On the whole, this type of approach, clonal and selective (Burnet, 1959) , is important in the future study of the immunopathology of renal diseases.
There is much to be done before the true nature of the immunopathological mechanism is established. If it is established, then glomerulonephritis, the nephrotic syndrome, and other immunologically determined renal conditions are auto-immune diseases in the strictest sense. Nephritis complicating the Schonlein-Henoch syndrome was less frequently positive, probably because some were treated with steroids. In pyelonephritis the possibility of immunopathological involvement could not be completely ruled out, since some cases gave a doubtful positive result. Miscellaneous renal malformations, metabolic diseases with renal manifestations, and non-renal diseases all gave negative results.
Summary
No correlation was noted between a positive result and the major clinical manifestations at the time of biopsy, since biopsy was not performed on a patient with active disease. When the disease is considered to be progressive, an immunopathological process is most likely to be demonstrable, especially in cases showing generalized glomerular involvement. Proteinuria, even of minor degree, is a sign of an active process in the glomeruli. The relation between a positive result and the time of the biopsy after the onset of disease was also considered.
The results of the present investigation support the idea that diffuse proliferative glomerulonephritis, the nephrotic syndrome, some cases of the recurrent haematuria syndrome, especially with generalized glomerular involvement, and nephritis following the Schonlein-Henoch syndrome, are immunologically determined.
Recent ideas on the immunopathogenesis of these diseases are discussed, and the clonal and selective approach of Burnet is emphasized.
